We evaluated the potential of using fish species and functional traits as indicators of land use impacts to fish assemblages. We used environmental data collected at multiple spatial scales (local, reach, and upstream catchment) for 19 tributary and main stem sites in the Nolichucky River watershed in Tennessee. Canonical correspondence analyses showed that temperature, elevation, specific conductivity, sediment yield, impervious surfaces, and row crop cover at the catchment scale were strongly associated with fish assemblage structure, as well as forest cover from all three spatial scales. Blocked indicator species analysis, with stream size as the block, showed that significantly strong indicators of the least-impacted riparian land use condition (≥60% forest cover) were Saffron Shiner (Notropis rubricroceus), Rainbow Trout (Oncorhyncus mykiss), Longnose Dace (Rhynichthys cataractae), Creek Chub (Semotilus atromaculatus), and Mottled Sculpin (Cottus bairdi). Traits indicative of the least-impacted sites were the herbivorous trophic guild, mean female ageat-maturity, longevity, rock-gravel spawners, montane geology and pelagic swimmers. Specific conductivity was strongly related to multiple catchment-scale land use variables, and was a strong local-scale influence on fish assemblage structure. Our results show promise for using a relatively common but endemic southern Appalachian fish species, the Saffron Shiner, as an indicator for land-use related impacts to these streams.
Introduction
Land cover change is one of the major drivers of aquatic species extinction worldwide [1] [2] [3] . As forested watersheds are converted to agricultural and urban uses, hydrological changes ensue, and sediment, chemical, and nutrient runoff degrade stream fish habitat [4] [5] [6] . The greatest levels of endemism and richness of freshwater aquatic biota in the temperate biome occurs in the Southeastern U.S., and land use is a primary threat to extinction of rare, endemic species in the region [2, 7] . Habitat degradation imparted by land use activities may homogenize an aquatic community by allowing more pollution-tolerant species or cosmopolitan species (i.e., broad home range) to dominate the assemblage, pushing more sensitive and endemic species out and increasing extinction rates [8] [9] .
In the Nolichucky River watershed of east Tennessee (USA) (Figure 1 ), there are five fish and seven mussel species listed as endangered or threatened by the State or the U.S. Fish and Wildlife Service, making it one of the most critically important "hot spots" for North American aquatic biodiversity [10, 7] . However, since 1999 there has been an 83% increase in the conversion of pasture/hay and forest acreage into row crop agriculture, mostly in corn and tomato production [11] . Nutrient runoff and subsequent increases in primary production as well as chemical runoff from impervious surfaces can degrade stream ecosystems [2, 4, 9] . In addition, sedimentation from unbuffered crop fields and cattle pastures can smother fish eggs and gills and saturate crevices needed by fishes for shelter, spawning, or foraging [3, 5] . Currently, the Chucky Madtom (Noturus crypticus) is a federally endangered catfish that is known from just one creek in the Nolichucky River watershed (Little Chucky Creek). However, the species has not been detected since 2004, due in part to uncontrolled agricultural and pastoral runoff that has magnified suspended sediments and filled in rock crevices it requires for spawning, nesting, and shelter. Additionally, the Sharphead Darter (Etheostoma acuticeps) is restricted to shallow riffle habitats in the main stem Nolichucky River and is listed as vulnerable by the IUCN. Sedimentation of riffles could endanger the species and allow more generalist or cosmopolitan species to take hold [2, 8] .
The purpose of this project is to assess the influence of land use at multiple spatial scales in the Nolichucky River watershed on fish assemblage structure. We had three primary questions for this project: (i) is there a relationship between land use intensity measured at different spatial scales and fish species and functional trait composition, (ii) can indicator fish species or functional traits be identified to potentially monitor impacts from land use, and (iii) are there local-scale water quality characteristics that are directly attributable to variation in land use and fish assemblage change?
Materials and Methods

Sample site selection
Nineteen sample sites ( Figure 1 ) were selected semi-qualitatively based on observation of land use activities in the riparian zone. Observations were made by traveling throughout the watershed to choose sites that were subjectively categorized into three classes: (a) least-impacted (minimal land use within 30 m of the stream bank for 2 km upstream of the site and clear water), (b) moderatelyimpacted (some amount of land use within 30 m of the stream bank but still a forested riparian buffer and moderately clear water), and (c) most-impacted by land use (land use occurred up to the stream bank, water very turbid from suspended sediments, greater than 50% land use within 2 km upstream of the site. Site classifications were confirmed by calculating the interquartile range of percentage forest cover in ArcGIS v. 10.1 at the reach scale (1500-m length) with a 125-m buffer around the reach. Least-impacted reaches contained ≥60% forest in the sample reach riparian zone, moderatelyimpacted reaches had 37-59% forest cover, and reaches most-impacted by land use contained <37% forest cover. One tributary and one main stem site were sampled in 2014 and 2015 to account for any temporal changes in fish species composition, but none were observed. Variation in stream fish assemblage structure due to natural geomorphic factors were accounted for by measuring elevation and by categorizing sites as tributary (low order creeks that drained into the Nolichucky main stem) and main stem Nolichucky sites. This was done because fish assemblages are different with respect to changes in water temperature (e.g., higher elevation, shaded canopy sites), discharge (e.g., lower in tributary sites), and substrate size (e.g., larger substrates in tributaries) [12] .
Instream environmental and land cover data acquisition
A YSI 6600 Sonde (Yellow Springs, Inc., Yellow Springs, OH) was used to collect water quality data prior to fish sampling. Environmental characteristics tested included water temperature (°C), pH, dissolved oxygen concentration (mg/L) and percent saturation, specific conductivity (μS/cm), and total dissolved solids (ppm). After the fish sample, a rapid habitat assessment was conducted following U.S. EPA's Environmental Monitoring and Assessment Protocol for high gradient streams [13] . Each site was scored qualitatively for habitat quality with possible scores ranging 0-200. Landsat 8 Operational Land Imager (OLI) satellite data at path 18, row 35 with minimal cloud cover were acquired for 2014 during the visible growing season. Satellite images were preprocessed using the software ENVI version 4.8 (Exelis Visual Information Solutions 2010). Radiometric correction was performed to produce reflectance values, and atmospheric correction was completed with a dark body subtraction (Level II Normalized Difference Vegetation Index (NDVI) [14] scenes that were derived from Landsat surface reflectance images were acquired from the USGS's Earth Resources Observation and Science Center (EROS) to aid the classification and differentiation between row crops and open fields. Aerial photographs from 2014 that were coincident with the satellite data were acquired to provide training areas for supervised classifications and ground truth sample sites for accuracy assessments of the resulting thematic maps.
To help separate row crops from open fields (i.e., hay, pasture, and fallow fields), a mask was created for the NDVI time series using the 2011 U.S. Geological Survey's (USGS) National Land Cover Dataset's (NLCD) impervious surface layers, the USGS National Hydrography Dataset's (NHD) vector data of open water, and the forested land cover identified in the supervised classification of the Landsat 8 image. After the land cover map was produced, the NHD flow lines were used to create 100-m and 125-m buffers around streams for measuring land cover percentage at multiple spatial scales.
Land cover classification
A maximum likelihood supervised classification approach in combination with a normalized difference vegetation index calibrated density slice (NDVI) [14] [15] was used to produce a land use/land cover (LULC) map with 4 classes: forest, impervious, row crop, and open field. After the thematic map was created for 2014, several measurements were taken at three spatial scales: local, reach, and catchment ( Figure 2 ). The catchment scale was all land cover in the sample site's upstream catchment. Catchments for each site were delineated using the Arc Hydro toolset version 2.0 [16] . Catchment-scale riparian buffers of 100-m were also created around the entire NHD flow line network upstream of each study site. In addition to percentages of land use, patch density of row crops was measured to account for fragmentation of the landscape. To be considered a patch, the area was relatively homogeneous and differed from the surrounding land use [17] . Patch density was expressed as number of row crop patches/km 2 . Part A is at the local scale which are a 500-m and 100-m point buffers around the sample location. Visual representation of the spatial scales of measured land cover. Part C shows the area used to calculate percent land use of the entire catchment (left) and a 100-m buffer of the entire upstream riparian network (right). Part B shows the reach scale that includes a buffer that is 1000-m upstream and 500-m downstream of the sample location (left: where the dashed lines meet). A buffer of 125-m was created around the reach and the width of the riparian vegetation was measured perpendicular to the stream at 50-m increments from the upstream to downstream end of the reach (right). Illustration is taken from [11] with permission of the author.
At the reach spatial scale, land use was characterized following the method of [18] by examining a 1500-m long reach encompassing the fish sample site, whereby a 1000-m segment of the reach was upstream of the sample site and a 500-m segment was downstream of the sample site. A riparian buffer of 125-m was created for the entire 1500-m reach. Using U.S. Department of Agriculture's National Agriculture Imagery Program (NAIP) photos for 2014, land use was digitized and summed as percentages for each buffer length. In addition to the buffers, woody vegetation distance was measured perpendicular to the reach. At the reach scale, frequency of intact forested riparian habitat at 30-m buffer width [19] , was calculated from the vegetative width measurements. For the local spatial scale, a 100-and 500-m circular point buffer was created to measure land use percentage from the thematic map (see Figure 2) . In addition to land use, all instream water quality data were considered to be reflective of the local spatial scale.
Catchment-scale SWAT model simulations
To assess the amount of non-point source pollutant runoff in each catchment, the ArcSWAT 2012 model was used to simulate the amount of sediment, nitrogen and phosphorus yield for each sample site for 2014. Mandatory spatial input files needed for the model included the input digital elevation model (DEM), land use map, and soil layer. Using the DEM a catchment was created for each sample site. The catchments were divided into hydrologic response units (HRUs) by (LULC), slope levels, and soil percentage. The HRUs are areas in the model that are calculated to have the same manner in which they conduct water through the system to the sample site. Land use and slope were reclassified in the SWAT model. Land use was classified as agriculture row crops, mixed forest, water, residential medium/low density, and pasture. The slope was classified into five classes based on natural breaks in the percent rise value in the raster.
The SWAT output file was a measurement of sediment yield, organic nitrogen, and organic phosphorus for each catchment. The model was run on a monthly time step during 2014. Sediment yield (SYLD) was reported as metric ton/ha and is the sediment from the catchment that is transported to the sample site during the time step. Organic nitrogen yield (ORGN) was reported as the ORGN transported out of the catchment and into the sample site during the time step. Organic phosphorus yield (ORGP) was reported as g/ha and is the amount of ORGP transported out of the catchment and into the sample site during the time step the amount of ORGP transported [20] . The measurements for all months were totaled for SYLD, ORGN, and ORGP yields transported to the sample sites during 2014. More detailed descriptions of all methods regarding land use data acquisition and SWAT modeling can be found in Gotwald (2016).
Fish sampling
During summer 2014-2016, we used Tennessee Valley Authority (TVA) standard sampling protocols. Fish were sampled in riffle-run habitats by simultaneously kicking the stream bottom and back-pack electrofishing (60 Hz, AC) into a 3 x 6 m seine net (untreated nylon, 6-mm mesh). Sample areas for electrofishing sets were standardized to 28 m 2 , and sampling continued in a habitat type until it was "depleted" of species. That is, sampling occurred until three consecutive runs yielded no 7 of 22 new species for riffle and run habitats. All fish were identified after each electrofishing sample run, counted, and released alive immediately into the stream. Fish sampling methods were approved under IACUC protocol #2257-0414 by the University of Tennessee-Knoxville.
Statistical analysis
Canonical correspondence analysis (CCA) was conducted with a 4 th -root transformed main matrix of fish abundances (fish/m 2 ) for each electrofishing sample. A secondary matrix of independent predictor variables was used to identify multi-scale environmental factors that structured fish assemblages in riffle-run habitats. These included a categorical variable for reach-scale riparian land use (least, moderate, most impact), local-scale water quality variables, as well as local-, reach, and catchment-scale land cover variable. Finally, natural geomorphic variables included elevation at mean sea level and stream size (i.e., tributary or main stem). Integer data were logetransformed, and proportion data were arcsine-square root transformed to improve multivariate normality and normalize the ranges of environmental data. A Monte Carlo randomization procedure was run 499 times to determine if the axes and correlations between the species abundance matrix and environmental matrix were statistically significant (P < 0.05). The CCA was run in PC-Ord v. 6.15. A cutoff of R 2 = 0.34 was used on the resulting joint-plots to minimize the number of environmental vectors (i.e., arrows) that were associated significantly with the axes Blocked Indicator species analysis (B-ISA) was used to determine the fish species and functional traits that were the most abundant and frequent for the least-, moderate-, and most-impacted riparian land use classifications [21] . The blocking variable was stream size. The B-ISA score is calculated using the percent composition and frequency of occurrence data for each species at each site. Scores range 0-100, where B-ISA > 25 was considered to be strong for a particular classification type. Statistical significance (α = 0.05) of B-ISA scores were calculated using 999 runs of a Monte Carlo randomization. These analyses were run in PC-Ord v. 6.15.
The CCA and B-ISA were also run on a matrix of fish functional trait abundances. Two complementary analyses were conducted because variation in functional traits can provide meaningful insights into changes in fish assemblage structure [21] [22] [23] . Traits were obtained for each species from the online Virginia Tech Fish Traits database (http://www.fishtraits.info/search/attr/). No information exists for Highland Shiner (Notropis micropteryx), so Rosyface Shiner (Notropis rubellus) information was used, because Highland Shiner was formerly classified as Rosyface Shiner. The functional trait analysis was done to see if there were particular guilds of fish that were being impacted by land use, rather than particular taxonomic species, because fishes with similar adaptations to an environmental factor may occupy a habitat more frequently than fishes that are taxonomically similar (e.g., same genus) but functional disparate. Traits belonged to three general categories, including life history strategy, trophic group, and habitat preference.
Finally, a simple linear regression analysis was conducted a aposteriori on the link between land use at various spatial scales and the local-scale factor of specific conductivity. This was done because specific conductivity (and the highly collinear variable total dissolved solids) tended to vary with respect to land cover differences as opposed to natural gradients such as elevation, stream size, or catchment area. This local-scale water quality factor has a direct impact on the daily physiological demands of fish as opposed to land cover characteristics. Thus, it is important to demonstrate a threeway link between land use, water quality, and fish assemblage structure.
Results
A total of 9,157 fish representing 51 species were captured from 385 electrofishing samples in riffle-run habitats. Land cover was comprised mostly of forest, regardless of spatial scale, followed by open fields (Table 1) . Organic nitrogen yield and sediment yield from the SWAT model outputs and open field land cover varied the most among catchments. However, at the reach scale with 125-m buffer, row crops had considerably greater percent land cover compared to row crop coverage from other spatial scales (Table 1) . With regard to water quality, specific conductivity and total dissolved solids showed the greatest variability in concentrations across sites. 
CCA of fish species and functional trait abundances against multi-scale environmental matrix
With regard to taxonomic species (Figure 3) , the CCA suggested that fish assemblages were structured primarily along a gradient of water temperature and land use at multiple spatial scales (species-environment correlations: axis 1, r = 0.97, P = 0.002, 499 Monte Carlo runs; axis 2, r = 0.93). Water temperature, elevation, specific conductivity, and land cover of all types at local, reach, and catchment scales were the dominant environmental variables that were associated with axes 1 and 2. In particular, sediment yield, impervious surfaces, and row crop cover at the catchment scale were strongly associated with variation in fish assemblage structure, as well as forest cover from all three spatial scales. These land cover variables were significantly correlated with elevation, temperature, and specific conductivity at the local scale. Although there were some similarities in fish assemblage structure with respect to riparian land use classification (i.e., least, moderate-, and most-impacted), there were clear differences in fish assemblages with respect to increasing land use and natural changes in elevation and water temperature. Fish assemblages from most-impacted sites were associated with higher specific conductivity, warmer water temperatures, greater impervious surfaces and open fields in their catchments, but lesser forest cover. In contrast, fish assemblages from least-impacted sites were characterize as having lower specific conductivity, cooler water temperatures, impervious surfaces, and open fields, with greater amounts of forest cover in catchments. upstream catchment). Environmental variables (arrows) with strong correlations (R 2 ≥ 0.34) with the axes are shown. Convex hulls surround the sample scores for each of three reach-scale riparian land use classifications (see Table 2 ). SPCOND = specific conductivity, SYLD = sediment yield from SWAT model, Patch_Ro = number of catchment-scale row crop patches / km 2 , I_Entire = % impervious surfaces in entire catchment, R_C100 = % row crops in entire catchment within a 100-m riparian buffer, I_C100 = % impervious surfaces in entire catchment within a 100-m riparian buffer, TEMP = water temperature, ELEV = elevation at mean sea level, F_L500 = % local-scale forest cover within 500-m buffer, F_R125 = % reach-scale forest cover within a 125-m riparian buffer. Table 2 ). See Figure 3 for abbreviation definitions.
Inspection of the functional trait CCA joint plot (Figure 4 ) suggests that the same trends exist with regard to land use and changes in water temperature (species-environment correlations: axis 1, r = 0.95, P = 0.002, 499 Monte Carlo runs; axis 2, r = 0.75). More specifically, impervious surface coverage at the catchment scale (entire and 100-m buffer), open field cover local scale (500-m buffer) as well as forest cover at the reach scales (125-m buffer) were most important. Similar to the taxonomic CCA, specific conductivity was strongly associated with changes in functional trait structure of fish assemblages. Likewise, there was some overlap in functional trait structure among riparian land use classifications (primarily most-impacted sites with least-impacted sites), but clear differences among some sites were observed, especially between least-impacted and moderatelyimpacted sites. 
Blocked indicator species analyses
The B-ISA confirmed the CCA results, showing that particular species were strong indicators of the three riparian land use classifications (Table 2) . Srong indicator species (IV > 25; P< 0.05) of the least-impacted riparian land use condition were Saffron Shiner (Notropis rubricroceus), Rainbow Trout (Oncorhyncus mykiss), Longnose Dace (Rhynichthys cataractae), Creek Chub (Semotilus atromaculatus), and Mottled Sculpin (Cottus bairdi). Fish species indicative of moderately-impacted sites were Gilt Darter (Percina evides), Highland Shiner, Redline Darter (Etheostoma rufilineatum), and Wounded Darter (Etheostoma vulneratum). Sites that were most-impacted by riparian land use were indicated by 17 species (see Table 2 ). Table 2 . Blocked indicator species analysis for fish species in the Nolichucky River watershed sampled in riffle-run habitats during summer 2014-2016. Stream size was the blocking factor (main stem or tributary) and riparian land use impact from row-crops, open fields (including cattle pastures), and impervious surfaces was the main factor (least, moderate, most impacted). Asterisks are species that were considered strongly significant (IV > 25.0; P-value ≤ 0.05) indicators for a particular land use category. FC = forest cover.
Riparian Impact
Scientific Name Common Name IV Pvalue Select functional traits were also indicative of the three riparian land use classifications. Traits indicative of the least-impacted sites were herbivorous trophic guild, mean female age-at-maturity, longer life span, and adaptions to spawning on rock-gravel substrates, montane geology and swimming at the water surface ( Table 3 ). Fish that spawn in aquatic plants attached to rocks, such as Riverweed (Podostemum ceratophyllum) and Water Willow (Justicia americana), were indicative of the moderately-impacted condition. Similarly, life history strategies were indicative of the mostimpacted condition and included longer spawning season, being a batch spawner, peak spawning period in July and August, and laying eggs in small substrates like gravel and sand. Table 3 . Blocked indicator species analysis for fish functional traits in the Nolichucky River watershed sampled in riffle-run habitats during summer 2014-2016. Stream size was the blocking factor (main stem or tributary) and riparian land use impact from row-crops, open fields (including cattle pastures), and impervious surfaces was the main factor (least, moderate, most impacted). Asterisks are species that were considered strongly significant (IV > 25.0; P-value ≤ 0.05) indicators for a particular land use category. FC = forest cover.
Trait 
Linear regressions between land use variables and specific conductivity
Simple linear regressions revealed that catchment-scale variation in nitrogen runoff and land cover percentages explained significant amounts of variation (R 2 > 0.51-0.79; P < 0.05) in specific conductivity at sample sites ( Figure 5 ). More specifically, increasing amounts of organic nitrogen yield, catchment-scale row crop cover and row crop patches, as well as catchment-scale impervious surface cover were associated with increasing concentrations of specific conductivity. In contrast, increasing catchment-scale percentages of forest cover were strongly associated with lower specific conductivity levels. As a check against natural changes in specific conductivity due to geomorphic variability, catchment area (R 2 = 0.05; P = 0.31) was not associated with specific conductivity. Meanwhile, elevation had a significant but weak (R 2 = 0.35; P = 0.01) negative relationship to specific conductivity. Thus, sites lower in the watershed's valley, where land use is logically most intense, tended to have greater specific conductivity, but this was not related to stream size. 
Discussion
In the Nolichucky River watershed, fish assemblages in riffle-run habitats are different with respect to local-, reach-and catchment-scale land cover. However, differences in fish assemblage structure caused by land use is confounded by natural variation in elevation and water temperature. Although, increases in water temperature may also be caused by reductions in riparian forest cover, especially at tributary sites. Nonetheless, fish taxa and functional traits indicative of sites leastimpacted by land use were reflective of the "equilibrium" end of the triangular classification scheme of fish life histories [25] . Other studies have found that environmental factors measured at multiple scales are important to structuring fish assemblages, and that equilibrium species tend to occur in stable habitats that are not subject to extreme anthropogenic disturbances such as flashy stream flows, sedimentation, and chemical pollution [6, 18, [26] [27] [28] . Moreover, land use occurring in riparian zones, regardless of spatial scale, has a direct negative impact on aquatic ecosystems by increasing sedimentation, and chemical loads, water temperatures which directly impacts fish physiology and reproductive success, and by decoupling energetic pathways important to fish food webs (24, (29) (30) (31) (32) .
In our study, the Saffron Shiner was the strongest indicator species for the least-impacted reachscale riparian land use condition. Thus, it occurred most frequently and was most numerically abundant when riparian forest cover within a 125-m buffer was ≥60%. Life history studies have shown that Saffron Shiners occur in high and low elevation streams within its range and lay eggs in small numbers over River Chub (Nocomis micropogon) nests that are defended by males [33] . Saffron shiners in the Nolichucky River watershed may by limited by suspended sediments that persist even at base flows in tributary reaches with >40% land use in riparian zones. Several tributary streams, including Little Chucky Creek where the endangered Chucky Madtom occurs, have persistent suspended sediment loads with very little sediment on the stream bottom. This may inhibit sensitive species by smothering gill filaments, filling in crevices where they may spawn, or it may impede their ability to capture drifting invertebrate prey via reduced visual acuity. Negative effects of suspended sediments have been shown to reduce the visual acuity of the drift-feeding Rosyside Dace (Clinostomus funduloides) in Georgia [34] [35] . In an experimental lab setting, suspended sediment reduced growth rate and gill condition in Whitetail Shiners (Cyprinella galactura), a common species in the southern U.S. Appalachian region, as well as Spotfin Chub (Erimonax monachus), a threatened species in the region that showed more intense negative effects than that of its more cosmopolitan relative [36] . Thus, suspended sediments due to deforestation, even at base flow condition [37] , can negatively alter fish assemblages and lead to species displacement or extirpation [8] .
In terms of functional trait relationships, fishes that prefer pool habitats with aquatic vegetation and rocky substrates were also important indicators of the least-impacted riparian condition, reflecting a lack of excessive sedimentation at least-impacted sites. In contrast, "opportunistic" life history patterns were more indicative of sites heavily impacted by land use. These included traits such as batch spawning, long reproductive seasons, broadcast pelagic spawners, and fish that prefer fine sediments. In moderate-and most-impacted sites, as long as river flows remain natural with connected riffle-run-pool habitat patches, then relatively rare species that are endemic to the southeastern U.S. Appalachian region may persist. For example, the Olive Darter (Percina squamata) was the strongest indicator species for sites most-impacted by riparian land use, but it is considered near threatened by the IUCN. Likewise, the Sharphead Darter, whose global distribution is restricted to the main stem of the Nolichucky River, was the most numerically dominant species in our samples, but inhabited riffle-run habitats regardless of riparian land use condition and was not a significant indicator of any land use category in our study. Interestingly, Creek Chub occurrence probability from hierarchical Bayesian multispecies models in North Carolina streams was positively associated with catchment forest cover and negatively associated with agricultural land cover [38] , yet the Creek Chub is considered by state and federal management agencies to be a pollution-tolerant species. It has been shown that physiological stress responses of Creek Chub become elevated in sites where riparian buffers were deforested [39] . Thus, species tolerance assignments either need to be reevaluated, or perhaps functional trait approaches should be considered when assigning tolerance levels for fish-based bioassessments [40] .
In our study, specific conductivity was positively correlated with increasing percentages of land cover and estimated nitrogen yield from the SWAT model. In reference wadeable streams in the Central Appalachian Mountain region (e.g., least-disturbed by anthropogenic activities), specific conductivity is typically <150 μS/cm, but sites impacted by coal mine leaching can exceed 1,000 μS/cm [41] [42] . Moreover, non-point runoff from impervious surfaces and point-source effluents from storm water and wastewater treatment plants are also known to increase specific conductivity [43] . In the upper French Broad River drainage in North Carolina, specific conductivity and associated land cover change were strong indicators of fish assemblage change from minnow-dominated (Cyprinidae) to sunfish-dominated (Centrarchidae) species [44] . We found that specific conductivity was the second strongest correlate to fish assemblage structural differences after water temperature. Saffron Shiners, Creek Chub, Rainbow Trout, Mottled Sculpin, and Longnose Dace were negatively influenced by specific conductivity, which was directly related to increases in row crops, open fields, and most importantly impervious surfaces. Regression-modeled occurrences and abundances of Kentucky Arrow Darter (Etheostoma spilotum) and Blackside Dace (Chrosomus cumberlandensis) from Kentucky and Tennessee (USA) declined significantly when specific conductivity surpassed an estimated 261 μS/cm and 343 μS/cm, respectively, and that agricultural and urban land uses were directly related to increases in specific conductivity [45] . Because of its relative ease of measurement and association with fish assemblage integrity, specific conductivity should be a strong candidate for use by water quality monitoring programs in the absence of fish sampling as a first-order assessment of anthropogenically-induced ecosystem change in watersheds draining the southern U.S. Appalachian mountain region.
In summary, Saffron Shiners seem to be the most likely indicator species of land use impacts in tributary sites in the Nolichucky River watershed, especially since they were never collected in high impact tributary sites and only 2% of individuals were sampled from moderately-impacted sites. Suspended sediments may play a larger role in filtering out crevice-spawning species such as Saffron Shiner [34] . We could not measure sedimentation in this study, but all tributary sites that were considered moderately-or most-impacted by land use had clear, visual evidence of suspended sediment loads. The impact of suspended sediment to biotic integrity, along with specific conductivity to assess non-point chemical runoff, should be investigated further. The indicator species approach involves tracking the occurrence and/or abundance of common species as a surrogate for either (i) degradation of biotic integrity or (ii) restoration potential for imperiled, endemic species that may be difficult to encounter (e.g., Chucky Madtom). Our results show promise for using a relatively common but endemic southern Appalachian fish species as an indicator for land-use related impacts to water quality and physical habitat in these streams.
